As part of a study to investigate the microbial diversity in the intestine of Apis mellifera, we isolated strain MRM1
Recently, Bombella intestini LMG 28161
T was isolated from the crop of a Bombus lapidarius and its phylogenetic, phenotypic, biochemical and genomic characteristics were described [1, 2] . B. intestini is the only currently recognised species within the genus. The 16S rRNA sequence of B. intestini LMG 28161
T isolated from a bumble bee exhibited a sequence similarity of 99 % with alpha 2.2 (belong to family Acetobacteraceae) from the honey bee. As alpha 2.2 was relatively abundant only in larval gut, queen gut, nurse bee crop, hypopharyngeal glands and royal jelly, it was expected to be passed to larvae through the nurse bee [3] [4] [5] . A previous study reported that alpha 2.2 might increase larval survival against external aggression by the production of acids [3] . Results of several studies indicate that Parasaccharibacter apium belongs to alpha 2.2, but it has not been formally characterized [3, 6] . Here, we isolated a strain that is closely related to alpha 2.2 (95-100 % similarity), designated MRM1 T , from the honey bee gut. On the basis of the results of phenotypic, chemotaxonomic and phylogenetic analyses, we suggest that MRM1
T represents a novel species belonging to the genus Bombella.
We isolated MRM1
T from the midgut of the honey bee (Apis mellifera) in South Korea. Honey bees were washed using 100 % ethanol twice before whole guts were separated from bodies. Whole guts were divided into three parts: the crop, midgut and hindgut. Each part was suspended in sterile saline buffer. Serially diluted suspensions were plated directly on Lactobacilli MRS agar medium (MRS; BD) and maintained in the presence of 5 % CO 2 at 34±1 C. A single colony was repeatedly transferred to new MRS agar medium to obtain pure cultures.
MRM1
T was evaluated by comparative analyses of its 16S rRNA gene sequence and DNA G+C content as well as by phylogenetic analysis. Genomic DNA of MRM1 T was extracted and purified, as previously described [7] . To identify the taxonomic position of MRM1 T , the 16S rRNA gene was amplified by targeted PCR using PCR Premix Taq (Takara) and two universal primers, 8F (5¢-AGAGTTTGA TCCTGGCTCAG-3¢) and 1492R (5¢-AAGGAGGTGATCC AGCCGC-3¢). The amplified 16S rRNA gene was sequenced by a sequencing provider (Macrogen, Seoul, Korea). The 16S rRNA sequence fragments were assembled using the SeqMan routine of DNASTAR. The assembled sequence (1407 nt) of MRM1
T was subjected to a BLAST search against the EzTaxon database of the EzBioCloud-Server (www. ezbiocloud.net/) [8] T is KU534110.
The 16S rRNA gene sequences of closely related species were obtained from the EzTaxon-Server and then aligned using the multiple sequence alignment program CLUSTAL W [9] . A phylogenetic tree of MRM1 T and closely related strains was reconstructed using the neighbour-joining method [10] implemented in MEGA6.0 [11] . Distances were calculated using three algorithms, neighbour-joining [10] , maximumlikelihood [12] and maximum-parsimony [13] with 1000 random bootstrap replicates. Based on the results of the phylogenetic analysis, we determined that MRM1
T formed a group with B. intestini LMG 28161
T and was separated from strains of the genera Saccharibacter, Swingsia, Neokomagataea and Gluconobacter (Fig. 1) . B. intestini LMG 28161 T (DSM 28636 T ) obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) was used as a reference strain.
To determine the genomic DNA G+C content of MRM1 T , a fluorometric method based on melting temperatures generated from real-time PCR and SYBR Green I [14] was used. Genomic DNAs of Escherichia coli K-12, Bacteroides fragilis
NCTC 9343
T , Bacteroides thetaiotaomicron VPI-5482 T and Ruegeria pomeroyi DSS-3 T were used for calibration. Each strain was tested in five replicates. The genomic DNA G+C content of MRM1 T was 59.5 mol% and this value falls within the range of values described for taxa in the family Acetobacteraceae [15] .
The genetic relatedness of MRM1
T and Bombella intestini DSM 28636
T was examined using the DNA-DNA hybridization method by microplates and photobiotin-labelled genomic DNA probe according to the method of Ezaki et al. [16] . Each reaction was performed with five repetitions. The relatedness value of MRM1
T and B. intestini DSM 28636 T was 60.3±3.7 % and this value is less than 70 %, indicating that MRM1 T represents a distinct species [17] .
MRM1
T and the reference strain B. intestini DSM 28636 T were grown on MRS Agar at 34±1 C for 2 days in all experiments, unless stated otherwise. The cell morphology of MRM1
T was observed using a light microscope (ECLIPSE 50i; Nikon), and the Gram reaction was determined using a Gram Staining Kit (bioM erieux) according to the manufacturer's instructions. Endospore formation was examined using the spore-staining method with malachite green [18] , and motility was determined on 0.4 % semi-solid MRS agar plates [19] . Growth under anaerobic conditions was monitored for 7 days of incubation on MRS agar at 37 C in an anaerobic chamber (N 2 /CO 2 /H 2 , 90 : 5 : 5). We determined that cells of MRM1
T are Gram-stain-negative, obligate aerobic, non-sporulating, non-motile, rod-shaped bacteria of 1.0-2.5 µm in length and 0.5-0.6 µm in width. Colonies Fig. 1. Phylogenetic tree derived from 16S rRNA gene sequences from MRM1 T and closely related strains. The tree was reconstructed using the neighbour-joining method. Filled circles indicate generic branches present in phylogenetic trees generated by three algorithms, neighbour-joining, maximum-likelihood and maximum-parsimony. Numbers at nodes indicate bootstrap percentages, calculated using the three algorithms. Bootstrap analyses were performed using 1000 replicates, and values greater than 50 % are shown.
Granulibacter bethesdensis CGDNIH1
T was used as the outgroup. Bar, 0.005 substitutions per nucleotide position.
were creamy beige and circular with entire margins on MRS agar medium. We did not detect growth in Luria-Bertani agar or tryptic soy agar medium.
To determine the optimal conditions for growth, the isolate was grown in MRS broth (MRSB) at various temperatures (4, 10, 15, 20, 25, 30 , 34, 37, 45, 55 or 65 C) for 7 days. Tolerance to NaCl was determined by growing cells in the presence of 0-15 % (at 1 % intervals), 17, 19 or 21 % NaCl (w/v) using medium that contained all constituents of MRSB without NaCl for 7 days at 34±1 C. Growth in the pH range of 3.5 to 9.0 (at 0.5 pH-unit intervals), 10 or 11, with HCl or KOH, was examined for 7 days at 34±1 C on MRSB. The pH was adjusted by adding 10 mM MES (C 6 H 13 NO 4 S) (for pH 3.5 to 6), 10 mM TAPS (C 7 H 14 NO 6 S) (for pH 6.5 to 9) or 10 mM Na 2 HPO 4 (for pH 10 and 11). The turbidity (OD 600 ) of each culture was measured using a spectrophotometer (Synergy Mx Microplate Reader; BioTek) after 24 h, 48 h and 7 days of incubation. All experiments were performed in triplicate. We detected MRM1
T growth at 0-1 % (w/v) NaCl, 25-37 C and pH 4.0-9.0. We observed optimal growth in the absence of NaCl, and at 30-37 C and pH 7.0-8.5.
Catalase activity was determined by adding a 3 % H 2 O 2 solution to a colony of MRM1 T , and oxidase activity was determined using 1 % tetramethyl-p-phenylenediamine (bio-M erieux). Differences in enzyme activities between MRM1 T and the reference strain B. intestini DSM 28636
T were characterised using API ZYM strips (bioM erieux), according to the manufacturer's instructions. Acid production from carbohydrates was determined using the API 50CHB system with API 50CHB/E medium (bioM erieux). MRM1
T substrate utilisation was analysed using GN2 MicroPlates (Biolog). Also, growth on glutamate agar, mannitol agar, 0.35 % acetic acid agar and in the presence of 30 % (w/v) Dglucose were tested. Production of water-soluble/insoluble brown pigment and oxidation to dihydroxyacetone from glycerol were examined, as described previously [20] . Production of acetic acid from ethanol and oxidation of acetate and lactate were tested, using methods described previously [21] . Growth on methanol as a carbon source, production of cellulose, and assimilation of ammonium nitrogen on Frateur modified Hoyer medium with D-glucose, D-mannitol and ethanol were investigated, as reported previously [22] [23] [24] . Production of 2-keto-D-gluconate and 5-keto-D-gluconate from D-glucose was detected, as described previously [25] . Acid production from carbon sources was tested by using the method of Asai et al. [26] . All tests were performed in triplicate. T were cultivated at 34±1 C for 48 h on MRS agar. The extraction and identification of isoprenoid quinones from MRM1
T and B. intestini DSM 28636 T were performed as described previously [27, 28] . The isoprenoid quinones were extracted using a chloroform/methanol (2 : 1, v/v) mixture and concentrated using a rotary evaporator. To identify the major quinone, the concentrated quinones were subjected to high-performance liquid chromatography (HPLC) by loading onto a Hypersil ODS C18, 250Â4.6 mm column. HPLC running conditions for the mobile phase (methanol/ isopropanol, 2 : 1), flow rate (1 ml min
À1
) and running temperature (40 C) were held constant. The major ubiquinone of MRM1
T was Q-10, which is also the major quinone of B. intestini DSM 28636
T .
Polar lipids of MRM1 T and B. intestini DSM 28636 T were extracted by modified methods described by Xin et al. [29] . Extracted polar lipids were separated by single thin-layer chromatography (silica gel 60 F254 glass-backed plate; Merck) using a two-dimensional system. Two different solvent systems were used: chloroform/methanol/water (65 : 25 : 4, by volume) for first-dimensional development and chloroform/ methanol/acetic acid/water (80 : 12 : 15 : 4, by volume) for second-dimensional development. The lipids were detected by spraying with reagents, as described previously [30] . To perform one-dimensional development for the compositional analysis, a chloroform/methanol/acetic acid/water (50 : 6 : 6 : 1, by volume) mixture was used as a development solvent. We observed similar lipid profiles for MRM1 T and B. intestini , including diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, one unidentified phospholipid and four unidentified lipids (Fig.  S1 , available in the online Supplementary Material).
MRM1
T and B. intestini DSM 28636 T were cultivated at 34 ±1 C for 48 h on GY medium [5 % (w/v) D-glucose; 1 % (w/ v) yeast extract (Oxoid) and 1.5 % (w/v) agar] to determine the major fatty acids. The cellular fatty acid methyl esters (FAME) of MRM1 T and B. intestini DSM 28636 T were extracted according to the protocol established for the Sherlock Microbial Identification System [31] . The cellular fatty acid compositions were identified using a gas chromatograph (Agilent Technologies) and the Microbial Identification software package (Sherlock version 6.2) with the TSBA6 library. We detected the following major fatty acids (>10 % of the total) in MRM1
T : C 19 : 0 cyclo !8c (33.6 %), C 16 : 0 (22.2 %), C 18 : 1 !7c (15.9 %) and C 14 : 0 (12.5 %). The major fatty acid compositions of MRM1
T were similar to those of B. intestini DSM 28636
T , but the abundance of each differed between the strains. Cellular fatty acid profiles are shown in Table 2 .
We observed the same general characteristics for MRM1 T differed from B. intestini DSM 28636 T in genotypic, phylogenetic and biochemical analyses and the abundances of major fatty acids. On the basis of the results of our comprehensive analyses, we determined that MRM1 T represents a novel species of the genus Bombella, for which the name Bombella apis sp. nov. is suggested.
DESCRIPTION OF BOMBELLA APIS SP. NOV.
Bombella apis (a¢pis. L. gen. fem. n. apis of/from a honey bee, the genus name of the honey bee Apis mellifera). The type strain, MRM1
T (=KCTC 52452 T =JCM 31623 T ), was isolated from Apis mellifera in South Korea. The DNA G+C content of the type strain is 59.5 mol%. 
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